A large proportion of grafted striatal neurons die, and mechanisms by which they succumb may involve excitotoxicity and oxidative stress. We investigated the effects of pretreatment of the graft tissue with the Af-methyl-D-aspartate (NMDA) receptor antagonist (-l-)dizocilpine hydrogen maleate (MK-801) and lipid per oxidation inhibitor lazaroid U-83836E on the survival of transplanted striatal neurons. Neither compound increased the survival of grafts, suggesting that NMDA-related excitotoxicity or oxidative stress may not be primary mediators of cell death in striatal grafts.
INTRODUCTION
Several reports suggest that there is a correlation be tween the survival of grafted striatal tissue and the ex tent of behavioral recovery following excitotoxic lesions of the striatum in the rat (10, 19, 30) . We therefore inves tigated the possibilities to increase the survival of the grafted striatal tissue. Transplanted neurons from embry onic ganglionic eminence tissue that exhibit striatal-like characteristics [e.g., stain positively for dopamine-and adenosine 3':5'-monophosphate-regulated phosphoprotein with a molecular weight of 32 kDa, DARPP-32 or acetylcholinesterase (AChE)] are gathered in patches, so-called P-zones. These P-zones are embedded in trans plant tissue not displaying striatal-like characteristics (so-called non-P-zones or NP-zones) (15) . Earlier esti mates suggest that 10-40% of intrastriatally grafted lat eral ganglionic eminence (LGE) neurons from embry onic (E) day 14 survive the transplantation procedure (30, 43) .
The reasons for cell death in striatal grafts are not known, but excitotoxicity and free radical formation may be involved. These mechanisms probably play an important role in several forms of experimental and dis ease-related neuronal cell death (1, 32) . The noncompeti tive Af-methyl-D-aspartate (NMDA) receptor antagonist (+)dizocilpine hydrogen maleate (MK-801) increases neuronal survival in different in vitro systems (2, 27, 34, 38, 40) . During preparation and transplantation, the grafted tissue is subjected to hypoxia, hypoglycemia, and mechanical trauma, which presumably are detrimen tal to the grafted cells. Brain damage is readily reduced by MK-801 in experimental brain ischemia and trauma (4) , and striatal cell death is reduced following hypogly cemia (33) .
Lazaroids are synthetic compounds with antioxidant and membrane-stabilizing properties (17) . They are lipid peroxidation inhibitors, and have been shown to protect embryonic (11, 12, 14, 21, 24, 36) and neonatal (41, 42) neurons following different experimental insults in vitro.
Of particular relevance to the present study, lazaroids protect striatal neurons in vitro against serum depriva tion-induced cell death (29) and also increase survival of intrastriatally grafted dopaminergic neurons (13, 22, 28) . Therefore, we investigated if the survival of grafted em bryonic striatal neurons is affected by pretreatment of the transplant tissue with MK-801 or lazaroid U-83836E prior to implantation.
MATERIALS AND METHODS
Thirty-four female Sprague-Dawley rats, weighing 250 g at the start of the experiment, were subjected to unilateral intrastriatal quinolinic acid lesions as de scribed previously (31) . Two weeks following lesion surgery, rats received intrastriatal grafts. The LGE was dissected from E14 (9) embryos and cell suspensions were prepared according to a protocol described pre-Accepted August 16, 1999 . Total graft volumes and P-zone volumes were calculated according to the Cavalieri principle (16) where volume
and ~Lp is the total number of points counted within the graft/P-zone; A(p) is the area associated with each point; s is the number of series sectioned; and t section thickness.
RESULTS
All grafts survived and expressed AChE-positive or DARPP-32-immunopositive P-zones and NP-zones that were negative for these markers (Fig. 1 ). Neither MK-801 nor the lazaroid U-83836E affected either P-zone or total graft volumes ( Fig. 2A, B) . One-factor analyses of They found that the toxins did not induce cell death be fore the cortical neurons had matured for 7 days in vitro.
The vulnerability increased rapidly after 9 days in vitro (DIV) and reached a maximal level by 14 DIV. Thus, the susceptibility of the neurons to excitotoxicity is likely to depend on maturation of the appropriate recep tor. For -striatal cells, the susceptibility to excitotoxins has also been shown to increase with age (8) . Two dif ferent protein subunits constitute the mature NMDA receptor channel complex (NMDAR1 and one of NMDAR2A-NMDAR2D) (26, 39) . In fact, only very low expression of NMDAR2B and no expression of NMDAR2A has been observed in E14 rat striatum. The NMDAR2A subunit was not detectable (20) or was not fully functional (5) until postnatal day 14. This suggests that functional NMDA receptors were not present in the E14 rat striatal neurons that we grafted, which would explain the absence of an effect of MK-801 treatment.
Also, the lazaroid U-83836E lacked a survival-pro moting effect on the striatal grafts. It is possible that the employed treatment parameters (concentrations, route of administration, time point for administration) might not have been optimal for the lazaroid U-83836E to have neuronal survival-promoting effect. However, the same concentration of U-83836E (0.3 pM) as was used in the present study protects striatal cells in vitro from serum deprivation, excitotoxicity, and hypoglycemia (29) and cerebellar granule cells from excitotoxic damage (25, 41) . Moreover, this concentration of U-83836E protects cultured (11, 21) and grafted (22, 28) mesencephalic do paminergic neurons. The discrepancy between survivalpromoting effects of lazaroids on nigral implants, and the absence of a protective effect on striatal grafts, may be related to dopaminergic neurons being particularly sensitive to oxidative stress, possibly because dopamine metabolism involves the production of free radicals (35) . The present data indicate that oxidative stress is not the main cause of neuronal cell death in embryonic striatal grafts. This is supported by another study, in which the spin-trap agent a-phenyl-Af-rerf-butyl nitrone (PBN) failed to increase the survival of transplanted striatal neurons (30) .
In conclusion, the present study suggests that NMDA receptor-mediated excitotoxicity and lipid peroxidation are less likely to be the main contributors to cell death in embryonic striatal grafts. However, posttransplantation treatment of the host together with pretreatment of the graft tissue prior to implantation might result in a differ ent outcome than was observed in the present study. Cell death during transplantation may occur during one or more of the following stages: retrieval of donor em bryos; dissection and preparation of tissue; implantation surgery and immediate postoperative period; maturation of the graft over several weeks (3) . In nigral grafts, the major cell death occurs within 10 days of surgery (7); however, it is currently not known when grafted striatal neurons die. Good survival of intracerebrally grafted striatal cells is crucial in order to achieve functional ef fects in rats after lesion (10, 19, 30) . Therefore it is im portant to learn more about time point of death and to increase the survival of transplanted striatal neurons. In the future, growth factors and antiapoptotic caspase in hibitors should be tested in attempts to increase striatal graft survival.
ACKNOWLEDGMENTS:
We gratefully acknowledge the gen erous gift of the DARPP-32 antibody from Drs. Greengard and Hemmings. We thank Britt Lindberg for excellent techni cal assistance and Bengt Mattsson for image processing. This work was supported by the Hereditary Disease Foundation, the Swedish Medical Research Council, and Alzheimer Foun dation Sweden.
